Bilateral coronoid hyperplasia causes painless progressive trismus, resulting from coronoid process impingement on the posterior aspect of the zygomatic bone. The etiology of coronoid hyperplasia is unclear, with various theories proposed. An endocrine stimulus, increased temporalis activity, trauma, genetic inheritance and familial occurrence have all been proposed, but no substantive evidence exists to support any of these hypotheses. Multiplanar reformatting of axial scans and 3-dimensional reconstruction permit precise reproduction of the shape and size of the coronoid and malar structures, and relationships of all structures of the temporal and infratemporal fossae. This case shows remarkably increased mouth opening by coronoidectomy in a patient who complained of trismus due to hyperplasia of coronoid process.
Introduction
Coronoid hyperplasia appears clinically as a slow but progressive reduction in mandibular opening resulting from contact of the enlarged coronoid process with temporal surface of the malar bone, or with medial surface of the zygomatic arch [1] .
The most common symptom of bilateral coronoid hyperplasia is limitation of mandibular opening [2] . Other clinical features described by Rowe [3] include absence of pain, no occlusal abnormality, infringement of the coronoid process on the posterior aspect of the zygomatic process, and a predilection for males.
This study is a case of trismus due to bilateral hyperplasia of the coronoid process, treated by coronoidectomy, and resulting in remarkably increased mouth opening. A bone Kocher clamp (Walter Lorenz Surgical Instruments) was used to remove coronoid process after removal of the remaining attachments of the temporalis muscle (Fig.   3 ). Immediately after coronoidectomy, the maximum mouth opening was 41 mm and smooth excursive movement was observed (Fig. 4) . 
Case Report

Discussion
Bilateral hyperplasia of the coronoid processes of the mandible is an uncommon condition that results in limitation of mouth opening due to impingement of enlarged coronoid processes on the zygomatic bones [4] . Some patients do not seek treatment until it causes obvious problems [5] . Coronoid hyperplasia appears to be a disorder predominately of young male adults. The peak age of presentation is in the middle of the third decade for both unilateral and bilateral cases. However, it usually takes nine years for bilateral and almost seven years with unilateral cases for patient to seek treatment [5] . Totsuka and Fukuda [4] reported that the most outstanding features are the striking predilection for males and onset of symptom of the condition near puberty.
A number of clinical features suggest diagnosis of coronoid process hyperplasia. Restricted mouth opening is almost inevitable, although this is typically long-standing and of insidious onset. Unilateral coronoid hyperplasia often shows facial asymmetry, and on opening the mandible may rotate to the affected side. Facial pain is occasionally observed. Both unilateral and bilateral cases of coronoid hyperplasia have marked male preponderance and female bilateral coronoid hyperplasia is relatively rare [5] .
The etiology of hyperplasia of the coronoid process remains unknown. Shira and Lister [6] argued that this abnor- mality could be a developmental defect in which cartilaginous growth centers in the coronoid processes persist, causing continued growth and hyperplasia. Lyon and Sarnat [7] later suggested increased activity of the temporal muscles as an etiologic factor. However, electromyographic examination in patients with bilateral coronoid hyperplasia reveals normal masticatory muscles function [8] .
Isberg et al. [9] suggested that elongation of the coronoid process could be either congenital or secondary to protracted disc displacement. They also argued that trismus is caused by hyperactivity of the temporalis muscles.
However, electromyographic analysis showed normal activity of this muscle [1] . Rowe [3] suggested an endocrine influence and trauma triggers bilateral coronoid hyperplasia [10] . Marra [11] suggested that heredity is important in pathogenesis of bilateral coronoid hyperplasia.
Differential diagnoses to rule out for coronoid hyperplasia include ankylosis and pseudo-ankylosis of TMJ [7] .
Trismus can be either extra-or intra-articular pathology.
Extra-articular causes of limited opening are myofascial pain disorder and coronoid hyperplasia. Intra-articular reasons include internal derangement, intra-articular pathology, and TMJ ankylosis [12] . Coronoid hyperplasia should be differentiated from Jacob disease where trismus is caused by pseudo-joint formation [13] . Microscopic examination of Jacob disease shows formation of a pseudo-cartilaginous joint between coronoid process and the zygoma.
This pseudo-joint is characterized by reactive new bone on the surface of the coronoid process and a fibro-cartilaginous cap, probably as a consequence of traumatic injury with chronic friction between the two bones [12] . In contrast, coronoid hyperplasia shows histologically normal bone [5] .
Surgical intervention is the treatment of choice for coronoid enlargement. In bilateral coronoid hyperplasia, limitation of mandibular movement is caused by mechanical impingement of the enlarged coronoid processes on the posterior surface of the zygoma. Therefore, removal of enlarged portion of the coronoid processes is the only effective form of treatment [4] . Simple coronoidectomy is enough to correct the coronoid-malar interference [5] .
When a patient presents with slow but progressive reduction in mandibular opening and clinical features and panoramic X-ray suggesting coronoid hyperplasia, CT scan is recommended without other radiographic examinations.
Direct axial and coronal CT scans, multiplanar reformatting of axial scans and 3D reconstruction permit precise reproduction of the shape and size of the coronoid and malar structures of interest, and relationships of all structures of the temporal and infratemporal fossae [14] . The enlarged portion of the coronoid processes usually consists of mature bone. Although a cartilaginous component is found in some cases, it is thought to be reactive in origin [7] .
Intraoral approach to coronoidectomy affords enough access for resection of the coronoid process and a cuff of temporalis tendon. Alternatively, an external approach using a coronal flap is advantageous in reducing risk of hematoma formation and intraoral scarring that can lead to relapse [15] . If the hyperplastic area is bulbous and large, an extraoral approach may be necessary [16] . The intraoral approach offers direct access without the risk of facial nerve injury or scars on the face [17] , but herniation of the buccal fat pad into the surgical site can be annoying when the dissection is carried too far superiorly and medially [18] .
Due to the prolonged disuse of temporalis muscle and post-operative scarring, post-operative physiotherapy is mandatory. In addition, prognosis is associated with the range of mouth opening immediately after surgery [4] . If post-operative mouth opening is up to 40 mm, the prognosis is excellent. However, if post-operative mouth opening is less than 35 mm, the prognosis may not be satisfactory [4] . Therefore, increasing the patient's mouth opening to over 40 mm using a mechanical device is recommended immediately after bilateral coronoidectomy.
Post-operative mouth opening exercise with a mechanical extensor must be started days after surgery. Maintaining the mouth open over 40 mm during surgery is also effective in stretching atrophied muscles. In one study, while post-operative physical therapy increased the initial interincisal opening, the amount of opening returned to the preoperative situation [19] . Hematoma and subsequent fibrosis causes relapse in many cases [5] . Mouth opening exercise is required for 12 months to prevent formation of fibrous tissue that limits mouth opening [19] .
In conclusion, intraoral coronoidectomy followed by prolonged post-operative physiotherapy produced satisfactory and stable long-term results in coronoid process hyperplasia by correcting coronoido-malar interference.
